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ABSTRACT
Amphibians face many daily challenges in their natural habitats, ranging from 
escaping predators to finding suitable mates. In addition, they may also find themselves 
facing anthropogenic challenges, such as crossing busy highways and coping with 
polluted water. This study focuses on the impacts that water polluted with road salt may 
have on roadside amphibian populations, utilizing outdoor and laboratory experiments. 
Both experiments tested water salinity preference for the pickerel frog (Rana palustris), 
and found that R. palustris did not show preference for either low or high salinity in 
short-term choice trials. Therefore, it is possible that R. palustris are not able to detect or 
do not show aversion behaviors toward potentially physiologically dangerous high 
salinities, which could lead to population-level effects if salinities are elevated. Further 
studies of long-term behaviors in response to increased salinity are needed. In addition, 
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Road salt is commonly used to coat roads during snowy and icy weather to 
provide safe driving conditions for motorists. As much as it may seem to assist with the 
hazards of winter driving, road salt may have severe consequences to wildlife, 
particularly amphibian populations within roadside habitats (Turtle, 2000; Sanzo and 
Hecnar, 2006; Karraker et al., 2008). Specifically, it can directly affect physical and 
chemical characteristics of aquatic ecosystems (Forman, 1998) such as vernal pools, 
swamps, ponds, lakes, and any body of freshwater that an amphibian may come in 
contact with, including puddles, within the area of affect. Saline solutions can travel 
nearly 200 meters (Karraker, 2007) to 1,500 meters (Forman and Deblinger, 2000 as cited 
by Andrews, 2008), largely due to water runoff (Forman, 1998). Potentially, salts and 
other contaminants can be carried by this moving water into ecologically sensitive areas 
such as wetlands and vernal pools (Environment Canada, 2001; Kaushal et al., 2005), 
thereby contaminating a substantially larger number of amphibian habitats in addition to 
habitats that are immediately adjacent to roadways.
Amphibians are distinctive for their highly permeable skin (Karraker, 2007) and 
are sensitive to salinity levels that are higher in concentration than what is naturally 
present, which is relatively low, with an ordinary presence of a few milligrams per liter, 
according to Wetzel, 2001. In fact, amphibians are widely used as environmental 
contamination and biodiversity indicators due to the fact that they are extremely sensitive 
to their environments (Selvi, et al., 2003). When this new factor of unnaturally high
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salinity levels (road salt), which can be toxic to many aquatic organisms (Forman, 1998), 
is quickly introduced in great quantities to habitats with typically low natural salinity 
levels, amphibians may be faced with several challenges, which might include coping 
with inhospitable habitat, which may make osmotic regulation difficult for individuals 
(Romspert, 1976; Bentley and Schmidt-Nielsen, 1971) as well as other basic bodily 
functions such as circulation (Romspert, 1976), and loss of suitable water bodies for egg 
and larval development (Ruibal, 1959; Padhye and Ghate, 1992).
Since osmotic concentrations of amphibians are higher than that of their natural 
freshwater environments, water will naturally pass through their highly permeable skin 
(Gordon and Schmidt-Nielson, 1961; Selvi and Yilmaz, 2003; Karraker, 2007; Karraker 
et ah, 2008; Larsen and Ramlov, 2013). If NaCl is added to the organism’s freshwater 
environment in significant amounts, passive and active ion transport across the semi­
permeable membranes within the bodies of amphibians can no longer maintain 
homeostasis properly, since amphibians are not adapted to live in such conditions 
(Karraker, 2007).
Some amphibians in their adult life stage are presented with a choice: they can 
remain in the water bodies into which road salt has seeped or relocate themselves to a 
location of a lesser salinity concentration. Since most amphibians migrate between 
wetland and upland habitats in their lifetime order to forage, breed and locate overwinter 
sites, they frequently need to pass over roadways, making them particularly vulnerable to 
becoming road kill (Carr and Fahrig, 2001; Fahrig and Pedlar, 1995; Eigenbrod et ah,
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2008; Gibbs and Shriver, 2005; Karraker, 2011; Trombulak and Frissell, 2000; Hels and 
Buchwald, 2001), since individuals are inconspicuous and sometimes slow moving. In 
addition to the possibility of direct road mortality, the effects of road salt may be 
responsible for substantial amphibian mortality rates and decreased overall species 
richness with the potential to greatly affect gene flow (Marsh et ah, 2008).
The levels of road usage by motorists may influence the frequency and quantity of 
road salt usage for deicing purposes, so it stands to reason that when amphibians residing 
near busy roadways make the choice to relocate themselves, whatever their reason, they 
will likely either die from bodily harm while crossing the road or from the physiological 
consequences of being exposed to high salinity concentrations when they cannot locate a 
freshwater body on the other side of the roadway.
If the amphibian has beaten the odds of dying en route, and has survived 
travelling the distance required to reach its destination, an adult female amphibian will 
choose a body of water, such as a vernal pool or another freshwater habitat, in which to 
deposit her eggs. Unless the species possesses parental care characteristics that include 
transporting eggs and/or larvae, such as seen in Stefania ayangarmae (Means, et ah, 
2008), relief of high salinity concentrations will not likely be available to said eggs and 
larvae if a commonly used deicing agent is applied to an up-gradient roadway. 
Prolonged exposure of amphibian eggs to high levels of salinity could be detrimental to 
their hatching success and to the proper development of larvae and juveniles. In fact, 
according to Trombulak and Frissell, 2000, organisms may be killed or otherwise
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displaced as a result of exposure to chemicals such as those found in deicing salts (NaCl, 
CaC12, KC1, and MgCl). In addition to sodium chloride, road salts also contain heavy 
metals and anticoagulants such as sodium ferrocyanide, which can release free cyanide, 
(Karraker, 2007), making road salts even more toxic.
Additionally, Blasius and Merritt, 2002 suggest that small urban ponds, storm 
water retention basins, wetlands, springs, and lakes might have salt accumulation over 
time from road deicing, and small, closed off aqueous ecosystems that receive substantial 
runoff are probably affected considerably. In general, with regular use of road salts 
during the winter season and its accumulation over time, the overall background salinity 
concentration of the affected area may increase (Environment Canada, 2001; Godwin et 
al., 2003; Thunqvist, 2004), presenting a larger overall problem if amphibian populations 
are unable to survive these changes and go locally extinct. In fact, in some areas, salinity 
concentrations in freshwater habitats within run-off range of salted roads have already 
been found to contain increased salinity during summer months due to water evaporation, 
adversely affecting some amphibian populations, particularly if their metamorphosis 
phase occurs at this time (Collins and Russell, 2009). This problem could be compounded 
even further if background salinity changes aren’t immediately detectable (Findlay et al., 
2000; Andrews et al., 2008), leaving no time for the consideration of preventative 
measures before amphibian and other organism populations in the area are 
unintentionally exterminated.
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Plenty of studies have been done to bring attention to the issue regarding the 
danger to amphibian populations addressed above. In studies which exposed the green 
frog, Rana clamitans, to salinity concentrations of 1 (control), 33, 145, 465, and 945 mg/1 
NaCl, data was collected which inferred that high salinity levels present (945 mg/L NaCl) 
when eggs were laid, hatched, and during early developmental stages of larvae, caused 
high levels of malformations. A very high number of fatalities occurred within one week 
of hatching in these malformed larvae, particularly individuals with abdominal edema, 
which was the most common abnormality found in the study (Karraker, 2007). 
Additionally, in a study conducted by Sanzo and Hecnar, 2006, road salt was 
administered to wood frog tadpoles, Rana sylvatica, in environmentally realistic 
conditions and was observed to have a toxic affect in both acute and chronic tests. Like 
Karrakers above mentioned study, they also found that tadpoles exposed to NaCl 
showed decreased survivorship, weight, and activity, earlier metamorphosis and 
increased developmental abnormalities as salt concentration increased (Sanzo and 
Hecnar, 2006).
A study by Denoel, et al., 2010, reported that road salt seemed to negatively affect 
performance of tadpoles of common frogs. The changes that they most commonly 
observed were slower movement speed and reduced ability to travel longer distances in 
tadpoles exposed to varying high salt concentrations. The higher level NaCl 
concentrations were 500, 1000, and 1500 mg/L, compared those of their control group of 
0 mg/L NaCl. A decrease in motor development in adults or lack of motor development
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in juveniles could affect an individual's ability to feed (Andrews et al., 2008; Sanzo and 
Hecnar, 2006) or metamorphose (Andrews et al., 2008).
As Richter, 1997 as cited by Andrews et al., 2008 also suggests, egg development 
may be retarded or inhibited altogether from being exposed to sodium chloride. Even 
after the hatchlings are free from the egg, they may still be negatively affected by salt as 
they develop and metamorphose. The presence of salt may delay metamorphosis or 
inhibit physical development. As adults, if exposed to salt water solutions of a high 
enough concentration for a long enough period of time, it may dehydrate them to a point 
which makes muscle contraction nearly impossible; and therefore movement by the frog 
from the contaminated water body would be more difficult, possibly resulting in 
drowning (Andrews et al., 2008; Hayes et al., 2006).
As detailed above, previously conducted research on the subject shows that 
developing amphibians, whether they are in egg, larval or juvenile form are, in some way 
negatively impacted by the use of road salt within range of their natural habitats. There 
does not, however, seem to be many studies on whether adult amphibians can sense 
dangerously high salinity levels in their environment and consequently remove 
themselves from it.
If some species lack an instinct to remove themselves from high salinity 
concentrations, they may subsequently die of dehydration or drowning, and if this 
happens in a body of water in their natural environment, it may cause the local extinction 
of that species.
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To better understand how salt water concentration influences amphibians’ choice 
to remain exposed to it, I tested the hypothesis that pickerel frogs (Rana palustris) will 
attempt to move out of higher salinities more frequently than they might move out of 
lower salinities, and that they will lose body mass in correlation with time spent in 
solution and solution concentration increases. The applicable null hypothesis for this 
experiment is that the salinity levels and time spent in solution will have no effect on R. 
palustris movement, and body mass change will show no correlation with these variables.
METHODS
Outdoor Model Vernal Pool Trial to Determine Salinity Concentration Preference
This portion of the study transpired at the School of Conservation (SoC), located 
at Stokes State Forest, Sussex County, NJ. A small strip of land alongside and 
overlooking the Flat Brook in the northern portion of the SoC was utilized as the data 
collection site. This strip of land that overlooks the Flat Brook is approximately six 
meters higher in elevation from and approximately six meters to the south of the Flat 
Brook’s south bank and located perpendicular to the edge boundary of the adjoining 
forest. Eight groups of four light blue colored wading pools were arranged in a row 
along the Flat Brook with one meter separating each group of four pools. Each pool was 
approximately one meter in diameter, 0.3 meters deep and was representative of a 
miniature vernal pool (Figure 1). These pools were prepared and set in place at the 
beginning of May 2012, and were monitored approximately three months. Roadside
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salinity levels were represented in four concentrations within these pools: 130 (control), 
730, 2,630 and 10,130 mg/1 NaCl. These concentrations were chosen because they 
represent a potential range of salinity concentrations in real world environments.
Each pool in any given quartet contained one of the four salinity concentrations. In order 
to minimize risk of high or low salinity habitats being chosen due to a pool’s proximity to 
the Flat Brook, the location of each concentration of salinity was randomized within each 
quartet. A cinder block and wooden stick were placed in each pool. This assisted in 
keeping the pools in place, while also providing a “terrestrial” relief area or basking spot 
for any organisms that enter the pools. Salinity levels in each pool were tested weekly, in 
order to maintain them (water was added if evaporation occurred, and water was removed 
and reconditioned to its assigned salinity level if water was added via rainfall). Salinity 
and conductivity concentrations were monitored with an Orion 5-Star Multimeter by 
Thermo Scientific. Each pool was observed for the presence of R. palustris, in addition 
to the specific location of the frogs(s), within each pool (bottom, swimming, resting on 
side of pool, idling on or within the cinder block island). The wading pools were 
monitored approximately twice weekly for five weeks. The monitoring frequency was 
reduced to once monthly for the following two months, due to lack of data collected in 
the first five weeks, since frogs were not appearing as frequently in the wading pools as 
supposed.
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Laboratory Salinity Concentration Preference Trials
In addition to the pools, a controlled experiment in laboratory conditions was 
conducted to test for salinity tolerance. With a field collection permit, 30 R. palustris 
were collected at the SoC in 2012, and taken to be housed in a temperature controlled 
room at Montclair State University, NJ. The laboratory portion of this experiment tested 
salinity concentration in water preference for each of the captured R. palustris 
individuals.
One 19 liter glass aquarium with two identical, clear, square plastic dishes placed 
next to each other on the bottom of the aquarium was used for this experiment. The 
dishes were cut into squares with a length and width of 20 cm, and a depth of 2.5 cm, and 
fit snugly together on the bottom of the aquarium. Brown paper towels were used to line 
outside of the aquarium to prevent visual distraction to the frogs inside. In order to have 
a clear view of the actions of the frogs, the 19 liter glass tank was placed atop a 38 liter 
glass aquarium, which was set on its side with a mirror angled inside. This mirror 
allowed the observer to view the time trials from underneath without disturbing the frogs 
(Figure 2).
For each trial, one of the two dishes inside the 19 liter aquarium was the control 
(no sodium chloride added) and was randomly (via coin toss) placed on the left or the 
right side of the aquarium. The second dish was filled with one of six solutions (0.0 
(control), 0.1, 0.2, 0.3, 0.4, and 0.5 mol/1 NaCl). These concentrations were also chosen 
to represent a range of concentrations that might be found in real world situations.
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Immediately prior to each 10-minute time trial, one of thirty pickerel frogs was randomly 
selected from their housing enclosure and weighed. After the weight was recorded in 
grams, the frog was placed in the dish containing the salt water solution inside the 19 liter 
aquarium. For the duration of a ten minute period, the frog was observed as it moved 
freely from one dish to the other. The time the frog spent in the dish containing the salt 
water mixture was recorded and it was documented if or when it moved into the dish 
containing fresh water. The time spent in each dish was recorded for each time the frog 
moved from one dish to the other. At the end of the 10-minute time trial, the frog was 
removed from the aquarium, weighed again, and placed in a container holding a few 
millimeters of freshwater and a damp paper towel to allow it to rehydrate and recover 
from the trials. In each trial, each frog was used one time, so n = 5 per concentration. 
This entire trial was repeated, for a total of two trials. Individual IDs were not recorded, 
so repeated measures analysis was not used. Trials 1 and 2 were evaluated 
independently.
RESULTS
Outdoor Model Vernal Pool Trial
For the duration of the outdoor data collection period, R. palustris or amphibians 
of any sort were seldom observed to be present in any of the wading pools, therefore this 
portion of the experiment was called to a premature close. Over the duration of the 
outdoor data collection period, only thirteen R. palustris were found in the wading pools
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(Table 1). Six R. palustris were found in pools with 730 mg/1 NaCl, two were found in 
pools with 2,630 mg/1 NaCl, and four were found in pools with 10,130 mg/1 NaCl, two of 
which were deceased. Only one pickerel frog was found in a pool containing the control 
mixture in the entire span of the outdoor experiment.
Non-target species were also occasionally observed to be present in the pools. 
One spotted salamander (Ambystoma maculatum) was found in a control pool, two small 
green frogs (Lithobates clamitans) were found in pools containing 730 mg/1 of the salt 
water mixture, and a bullfrog (Lithobates catesbeiana) was found in a pool containing 
2,630 mg/1 of the salt water mixture. In addition, one small minnow appeared in a 
control pool, possibly accidentally dropped there by a predator species (Table 1).
Due to the small sample size observed in this portion of the experiment, tests to 
determine statistical significance were not possible.
Indoor Binary Time Trials
Overall, the total amount of time spent in the test solution did not vary with 
concentration in either Trial. ANOVA tests showed results for Trial 1 as P = 0.1481, for 
Trial 2 as P = 0.7111, and for both Trials pooled together as P = 0.2130 (Figure 3).
Individuals in Trial 1 lost a significant amount of body mass (grams) when 
compared to their starting body mass (P = 0.0209), regardless of concentration. 
Individuals in Trial 2 also seemed to show a loss in body mass however, the statistical 
test results indicated that this was an insignificant value (P = 0.3117). However, when
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both Trials are pooled together, body mass change of R. palustris shows a significant loss 
when starting mass is compared to their final mass {P = 0.0089). Generally, there was a 
greater loss in mass for larger individuals, but individuals lost approximately 5% of body 
mass on average (Figure 4, Tables 2-4).
On average, there seemed to be no effect on mass change by solution 
concentration or time spent in test solution, as independent variables. When calculated 
for percent mass change in relation to solution concentration (Trial 1 :P  = 0.1840, Trial 2: 
P = 0.9002, Total Trials: P = 0.3266), individuals did not lose a significant amount of 
body mass (Figure 5). Additionally individuals did not lose a significant amount of body 
mass as their time spent in solution increased (Trial 1: P = 0.8344, Trial 2: P = 0.9686, 
Total Trials: P = 0.7530) (Figure 6). When a two-way ANOVA was performed, neither 
time spent in the solution or solution concentration affected body mass significantly, and 




Overall, R. palustris individuals were more frequently found to be present in the 
outdoor pools with lesser salinity concentrations, specifically at the 730 mg/L NaCl 
concentration. Salt water with the concentration pools with 10,130 mg/L NaCl were 
found to have two deceased R palustris individuals over the course of outdoor data
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collection. These individuals may have been unable to escape the high salt environment 
if they had been idling in there too long, and experienced temporary paralysis due to 
dehydration.
With so few amphibians found in the outdoor pools, no true correlation between 
habitat preference and salt water concentration can be made with this data. The more 
controlled indoor laboratory trials provided more substantial data.
Indoor Trials
In Trials 1 and 2, R. palustris had no clear preference between the control solution 
and any test solution. Additionally, body mass change did not seem to be affected by 
solution concentration or by the time spent in solution. The exception to this are the 
individuals that spent the most time idling in the control solution (0.0 mg/L NaCl), who 
gained body mass overall.
A possible reason why no significant body mass change was found in relation to 
either time in solution or solution concentration may be due to individuals moving back 
and forth between the control and test concentration, sometimes multiple times in one 
run. After having lost body mass while idling in solution, the individuals may have 
migrated to the control dish, and proceeded to gain mass in that dish before moving back 
into solution, or vice versa. This unknown variable may have skewed the results, causing 
a lack of correlation.
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The 0.1 mol/1 NaCl group showed drastically different data in Trial 1 than it did in 
Trial 2. In Trial 1, the pickerel frogs spent an average of 73.8% of their time in this 
concentration, while in Trial 2, they idled in solution for 28.5% of the time. Since 0.1 
mol/1 NaCl is not strongly concentrated, individual R. palustris may not necessarily have 
felt more uncomfortable idling in-solution than in the control dish. This reasoning could 
be held for individuals in both Trials, and it could have just been a matter of coincidence 
that the 0.1 mol/1 NaCl group associated with Trial 2 happened to idle in the control dish 
more frequently than the dish containing 0.1 mol/l NaCl. In addition, it may be possible 
that the 0.1 mol/1 NaCl group in Trial 2 lost a greater average body mass because 
individuals in Trial 2 were larger and there was simply more body mass to lose, since all 
but one of the individuals utilized in Trial 2 had a greater starting body mass than those 
utilized in Trial 1.
The data indicates that on average, R. palustris in both trials who were run in 0.5 
mol/1 NaCl solutions appeared to have lost considerable body mass. As supported by 
numerous studies (Blasius and Merritt, 2002; Denoel, 2010; Sanzo and Hecnar 2006; 
Selvi and Yilmaz 2003), there is a point at which frogs will begin to lose ability to 
mobilize. It is quite possible that after idling in high salinity concentrations such as 0.5 
mol/1 NaCl, the subject frog will lose the ability to remove itself from the salt water 
solution entirely, and therefore become susceptible to consequences of extended idling 
time in said solution. As observed in these trials, there were instances where some 
individuals were left temporarily paralyzed after having spent too much time in said
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solutions, particularly in the 0.5 mol/1 NaCl groups. This consequence may thereby 
increase the amount of time that their bodies were subject to becoming dehydrated. 
Extended idling time in high concentrations may result in dehydration to the point of 
death. In these trials, any frogs that spent any time idling in salt water concentrations 
were rehabilitated by placing them in a small container with a small amount of fresh 
water after recoding post-trial mass, in order to rehydrate them.
It is possible that R. palusths simply do not detect the presence of NaCl or its 
effect on their bodies at the tested concentrations. If the data collected for this research is 
representative of local R. palustris populations, then no innate aversion behavior toward 
environments with unnaturally high salinity levels seems to be present.
CONCLUSION
The lack of preference between low and high salinity concentrations in R. 
palustris suggests that if high concentrations of NaCl are present in their natural habitat, 
it may cause long lasting damage to individuals and thereby entire populations, since the 
point of iso-osmoticism in R. palustris is only approximately 0.15 mol/1. Denoel, et al. 
(2010) alluded from their study that frogs’ lower performance abilities in high salinity 
environments might affect their fitness. This reinforces the idea that as eggs, larvae, 
juveniles and adults, being hindered physiologically by the presence of salt, R. palustris 
will start showing lack of fitness in individuals, thereby increasing the chances that those 
populations will become locally extinct.
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The hypotheses that a pickerel frog will prefer solutions of lesser salinity 
concentrations, and that it will lose more body mass at high concentrations, are rejected. 
Instead, the null hypothesis that R. palustris will have no preference to solution 
concentrations and will not lose body mass in correlation with these variables is 
supported.
Roadways are already responsible for much herpetofauna death. Reptiles may be 
attracted to roads for their basking qualities, and predators may be attracted to roads to 
feed on species that are basking (Andrews et al., 2008), and now deaths related to over 
salting roads may be added to this count. Amphibians are very infrequently found in 
areas surrounded by salt water, as observed by Charles Darwin (1859). Using salt to treat 
roads so frequently may possibly cause such an accumulation of salts in roadside habitats 
that it may make it difficult for pickerel frogs to complete their life cycles in these areas. 
If pickerel frogs are unable to withstand such severe polluting of their aquatic habitats, it 
is likely that other amphibian populations are suffering from the same dilemma, and may 
become locally extinct.
Not only could the presence of road salt negatively affect amphibian populations, 
but could also negatively affect wildlife populations that rely on amphibians for prey 
items. Amphibian populations can make up a substantial portion of the biomass 
accounted for in food webs, and the loss of this natural resource could have large 
resounding affects all the way up the food chain.
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Damage to roadside aquatic environments due to road salting could possibly be 
lessened by utilizing alternative chemicals. Alternative de-icing chemicals might include 
calcium magnesium acetate (CMA), which is not only more effective in clearing roads 
than road salt, but is also less traumatic for roadside aquatic environments to endure 
(Forman, 1998). However, the physiological effects of CMA are largely unknown and 
more research on this topic is still needed.
In addition to alternative de-icing chemicals, road closures located in areas where 
numerous, threatened or endangered amphibian species are known to inhabit may assist 
in preserving amphibian populations. If roads are temporarily closed in these more 
sensitive areas, de-icing chemicals, whether they are less dangerous to amphibians or not, 
would not have to be used at all. Understandably, it will not be reasonable to the 
everyday commuter to close most roadways however, taking alternate routes during times 
of heaviest snow and ice fall may be beneficial. Rather than road treatment application in 
areas known to be inhabited by numerous amphibian populations, particularly in 
vicinities of threatened or endangered species, temporary alternate routes may be a 
consideration.
Additional studies might include further experimentation within the parameter of 
this study, with setup modifications in the outdoor portion of this experiment to better 
camouflage the blue wading pools, to make them more attractive to amphibian species; 
and by removing the variable of possible mass gain in the control solution during the 
indoor laboratory Trials, in addition to longer run times and a larger a sample size.
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Research on the effects of CMA on amphibious species’ motor abilities, locomotion and 
fitness will also be valuable. The monitoring of roadside aquatic habitats known to be 
inhabited by threatened or endangered species for elevated salt concentrations may be 
beneficial as well, so that special precautions can be taken for these areas. As more 
information is gathered, the possibility of discovering better solutions increases. The 
local populace may even be willing to become involved in the conservation of these 
sensitive areas if they were more actively informed of these studies and of local wildlife 







R. palustris 1 6 2 4
L. clamitans 0 2 0 0
L. catesbeiana 0 0 1 0
Total Other 2 0 0 0
Total 3 8 3 4
Table 1: Amphibian species found in wading pools with varying salt water 
concentrations located at the School of Conservation, during the outdoor portion of this 
experiment. Organisms in the “Other” category include one spotted salamander 























































Table 2: Average time in solution in seconds and the average percentage of mass change 
























6.30 6.50 0.20 3.17
10.10 10.30 0.20 1.98
0.0 11.30 11.20 -0.10 0.06 -0.88 0.85
8.50 8.40 -0.10 -1.18
8.60 8.70 0.10 1.16
8.80 8.80 0.00 0.00
12.40 12.40 0.00 0.00
0.1 8.70 9.10 0.40 -0.10 4.60 -1.11
9.20 8.90 -0.30 -3.26
8.70 8.10 -0.60 -6.90
10.40 9.80 -0.60 -5.77
13.20 12.90 -0.30 -2.27
0.2 10.60 10.60 0.00 -0.12 0.00 -1.00
8.40 8.50 0.10 1.19
10.80 11.00 0.20 1.85
10.80 10.40 -0.40 -3.70
8.30 8.20 -0.10 -1.20
0.3 15.40 14.60 -0.80 -0.44 -5.19 -4.05
12.80 12.50 -0.30 -2.34
7.70 7.10 -0.60 -7.79
10.90 10.80 -0.10 -0.92
12.00 11.80 -0.20 -1.67
0.4 11.70 11.50 -0.20 -0.08 -1.71 -0.43
12.10 11.90 -0.20 -1.65
7.90 8.20 0.30 3.80
14.50 13.90 -0.60 -4.14
10.60 10.40 -0.20 -1.89
0.5 9.80 9.70 -0.10 -0.26 -1.02 -2.17
9.70 9.50 -0.20 -2.06
11.40 11.20 -0.20 -1.75
Table 3: Starting mass, final mass, mass change in grams, and percent mass change for 
























13.20 13.10 -0.10 -0.76
9.40 9.70 0.30 3.19
0.0 7.50 7.20 -0.30 0.02 -4.00 0.19
6.70 6.80 0.10 1.49
9.90 10.00 0.10 1.01
14.20 14.50 0.30 2.11
14.80 14.20 -0.60 -4.05
0.1 11.60 10.80 -0.80 -0.28 -6.90 -2.37
9.50 9.30 -0.20 -2.11
11.30 11.20 -0.10 -0.88
10.20 10.30 0.10 0.98
11.30 10.90 -0.40 -3.54
0.2 10.30 10.00 -0.30 -0.10 -2.91 -0.91
10.60 10.70 0.10 0.94
9.40 9.40 0.00 0.00
9.10 9.20 0.10 1.10
14.30 14.80 0.50 3.50
0.3 6.40 6.40 0.00 0.10 0.00 0.75
8.40 8.40 0.00 0.00
11.70 11.60 -0.10 -0.85
9.20 9.60 0.40 4.35
8.40 8.60 0.20 2.38
0.4 10.70 10.50 -0.20 -0.04 -1.87 0.02
11.60 11.30 -0.30 -2.59
13.90 13.60 -0.30 -2.16
8.70 8.40 -0.30 -3.45
8.30 8.00 -0.30 -3.61
0.5 11.70 11.30 -0.40 -0.14 -3.42 -1.29
8.00 8.40 0.40 5.00
10.20 10.10 -0.10 -0.98
Table 4: Starting mass, final mass, mass change in grams, and percent mass change for 
R. palustris for each concentration during 10-minute choice trials.
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Figure 1: Wading pools utilized at the Flat Brook during the outdoor portion of the 
experiment are shown here.
31
Figure 2: A 19 liter glass aquarium (top) utilized for the indoor portion of the 
experiment. A 38 liter glass aquarium (bottom) set on its side with a mirror propped up 




Trial 1: •  
Trial 2: A
Figure 3: Total time spent in NaCl solution vs. control solution during 10-minute choice 
trials for both Trial 1 and Trial 2. The occurrence of individuals spending less time in 
solution as concentration increased was not significant (Trial 1: P = 0.1481, Trial 2: P = 




Figure 4: Change in body mass of R. palustris during 10-minute salinity choice trials. 
Frogs that started with more body mass significantly lost more mass than smaller 
individuals by the end of the experiment in both Trials (a: P = 0.0474, b: P = <0.0001).
34
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Trial 1: •  
Trial 2: A
Test Concentration mol/l
Figure 5: Percent mass change during the 10-minute exposures of pickerel frogs to NaCl 
solutions. There is no significant relationship between mass change and test 
concentration (P = 0.3266).
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Legend: 
Trial 1: •  
Trial 2: A
Total Time Spent in Solution (seconds)
Figure 6: Percent mass change of pickerel frogs exposed to NaCl solutions as a function 
of time spent in the NaCl solutions (P = 0.7530).
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